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The schematics of structural growth relation in each case are shown in Fig. S1 .
According to the value given in Tab. 1, when the LSMO is directly deposited on the STO substrate, the close lattice parameters make it suffers weak strain from the substrate. As shown in Fig. S1(a) , the YMO is growing on the diagonal direction of LSMO with the relation YMO(100)//LSMO(110). In Fig. S1(d) , for the inverse growth, the diagonal direction of LSMO is parallel to YMO(100). The other cases are also shown in Fig. S1 . As the reciprocal space mapping is very sensitive to layer thickness, the diffraction pattern of the LSMO layer with small thickness of 12 nm is not observed. 
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The spin configuration in different heterostructures is shown in Fig. S5 . S-8
